Reverse gyrase transiently unwinds double-stranded DNA in an ATP-dependent reaction.
Reverse gyrase is a unique DNA topoisomerase that catalyzes the introduction of positive supercoils into DNA in an ATP-dependent reaction. It consists of a helicase domain that functionally cooperates with a topoisomerase domain. Different models for the catalytic mechanism of reverse gyrase that predict a central role of the helicase domain have been put forward. The helicase domain acts as a nucleotide-dependent conformational switch that alternates between open and closed states with different affinities for single- and double-stranded DNA. It has been suggested that the helicase domain can unwind double-stranded regions, but helicase activity has not been demonstrated as yet. Here, we show that the isolated helicase domain and full-length reverse gyrase can transiently unwind double-stranded regions in an ATP-dependent reaction. The latch region of reverse gyrase, an insertion into the helicase domain, is required for DNA supercoiling. Strikingly, the helicase domain lacking the latch cannot unwind DNA, linking unwinding to DNA supercoiling. The unwinding activity may provide and stabilize the single-stranded regions required for strand passage by the topoisomerase domain, either de novo or by expanding already existing unpaired regions that may form at high temperatures.